
Large uncertainties exist in ice-phase microphysical processes. An example is given
below for the stochastic collection process, which largely governs the particle size
distributions: where the collection Kernel Kij is
given by:
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Large	Uncertainties	in	Ec,	sometimes	of	more	than	2	orders	of	magnitude:
Observations Models

Our goal is to use in-situ size distribution measurements, surface and air-borne radar
observations and GPM satellite, combined with a sophisticated spectral bin
microphysical scheme, to reduce the uncertainties in Ec and to improve model
simulations. As the first step, we conduct a case study and validate model simulated
particle size distributions with in-situ observations.

Case:May 20, 2011 meso-scale convective system at ARM SGP site during MC3E field
campaign.

Observation: Air-borne in-situ measurements over the extensive stratiform region
trailing a squall line. The particle size distribution data combine 2DC (120 μm ~ 900
μm) and HVPC (900 μm ~ 30000 μm). The data has 4hour-hour flight time (13 UTC to
17 UTC) with 5s sampling.
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WRF Model: Version 3.6.1; Single domain with 2km horizontal resolution and 44
vertical levels. Simulations were initialized with NCEP FNL Operational Global
Analysis starting at 00 UTC, May 20, 2011 and updated every 6 hours.

Microphysical Schemes: The Hebrew University spectral bin scheme (SBM) and the
Morrison 2-moment scheme are used in simulations. The SBM scheme uses 43
mass size-doubling bins to explicitly simulate aerosol and all hydrometeor particle
size distributions, including ice crystals (columns, plates and dendrites), snow
aggregates, graupel, hail and cloud/rain. The Morrison scheme assumes the inverse
exponential distributions for ice, snow, graupel and rain, and Gamma distribution
for cloud droplets.
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Surface rainfall comparisons with gauge data show that the WRF model reproduced the
squall system and its evolution well. The Morrison scheme slightly under estimates the
stratiform area. The SBM scheme misses most of the trailing stratiform region. This is
caused by weaker rain evaporation and reduced near surface cool pool strengths in the
SBM scheme.
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Simulated particle size distributions within the magenta box are extracted to compare
with the in-situ observations. 13UTC, 14UTC, 15UTC, and 16UTC are used for comparison.
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• WRF satisfactorily reproduced the May 20 MC3E mesoscale convective system in
terms of surface precipitation propagation and evolution, setting up the stage for
more detailed comparisons.

• The Morrison 2-moment microphysical scheme produced extensive trailing
stratiform rain, similar to the observation. On the other hand, the more
sophisticated spectral bin microphysical scheme has little stratiform region and less
total rainfall compared with the observation.

• The main reason for the differences is that the bin model produces much larger ice-
phase particles compared with the Morrison scheme. This results in less
evaporation and weaker cool pool near surface, producing a slower moving squall
with more upright convection and little trailing stratiform region.

• Comparisons between in-situ PSD observations and WRF simulations show that
both schemes simulated much larger and/or heavier particles compared with the
observation. The discrepancies are more prominent at lower altitudes.

• This is an indication that the ice-phase particles are growing too fast in the
simulations. Sensitivity tests on the ice-phase particle collection kernels were
carried out using the bin scheme. The results will be presented tomorrow.

• Future study will include radar measurements and GPM data to confirm the results
and to constrain the ice-phase particle collision/coalescence process in both bin and
bulk microphysical schemes. Similar study for other GPM field campaigns (e.g.,
OLYMPEX) will also be carried out.


